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CHAPTER 1 - INTRODUCTION

INTRODUCTION
The content of this thesis transverses the landscape of pancreatic diseases and touch-
es on the common bile duct due to its close anatomical relation to the pancreas. In 
the introduction of this thesis, first the relevant anatomy and physiology of the pan-
creas will be addressed. Subsequently, descriptions of the epidemiology and patho-
physiology of the various pancreaticobiliary diseases covered will be given with the 
diagnostic and prevention di�culties currently encountered for each disease entity. 
This chapter will concede with how those challenges have led to the research ques-
tions outlined in this thesis.  

PANCREAS
ANATOMY 

The pancreas is located in the retroperitoneum and can be divided into the anatom-
ical regions of head, body and tail (caput, corpus and cauda). The head is attached 
to the duodenum and subsequently crosses over towards the spleen where the tail 
lies (Figure 1). As compared to other solid organs, the pancreas has a variable ana-
tomical appearance in di�erent persons. The pancreas consists of three di�erent cell 
types; Islet of Langerhans, acinar and ductal. 1 The pancreatic ductal system trans-
ports pancreatic juice into the duodenum, and consists of the main pancreatic duct, 
accessory duct of Santorini and side branches of the main ductal system. 

Hepatic artery

Accessory pancreatic duct

Pancreatic duct

Portal vein
Common bile-duct

Orifice of common 
bile-duct and pacreatic 

duct

Figure 1. The pancreas, situated 
adjacent to the duodenum. Image 
attribution: Henry Vandyke Carter, 
Public Domain, accessed via Wiki-
media Commons
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PHYSIOLOGY

The pancreas possesses both an endocrine and exocrine function. The endocrine 
function is responsible for glucose homeostasis in the body 2, 3 with Islet of Lang-
erhans cells producing glucagon (alpha cells) and insulin (beta cells). The exocrine 
function of the pancreas is performed by acinar cells lining the ductal system. These 
produce various pancreatic enzymes for digestion of nutritious components includ-
ing amylase (starches), lipase (fat) and proteases, including trypsin and chymotrypsin 
(protein), as demonstrated in seminal work by Bernard and Pavlov independently 
in the late 19th century. 4, 5 Pancreatic enzymes, combined with alkaline bicarbonate 
to neutralize stomach acid, produced by the ductal cells, form the basis of pancreat-
ic juice. It’s secretion can be stimulated in various ways, including hormonal influ-
ence by cholecystokinin (formally known as pancreozymin) on the acinar cells, 6 the 
influence of secretin on the ductal cells, 7 stimulation of the vagal nerve, 4 and the 
presence of food in the upper gastrointestinal tract. 4

PANCREATIC DUCTAL ADENOCARCINOMA AND 
PRECURSOR LESIONS
EPIDEMIOLOGY

The incidence of pancreatic cancer is relatively low at 13 per 100.000 person years,8 
with a meager 5-year survival of 13%.9 Non-specific symptomology combined 
with quick metastasizing biology and lack of e�ective systemic treatment options 
(due to the tumors inherent cold immunity properties) further contribute towards 
PDAC’s high mortality, 10 leading to its projected ascent from 3rd to 2nd leading cause 
of cancer death well before 2030. 11, 12 Risk factors for developing pancreatic cancer 
include cigarette smoking, heavy alcohol consumption, long-standing diabetes 
mellitus, obesity, chronic pancreatitis and hereditable genetic mutations. 10, 13

PATHOPHYSIOLOGY

More than 90% of pancreatic cancers are of the pathological subtype pancreat-
ic ductal adenocarcinoma (PDAC). 14, 15 PDAC arises from ductal epithelia and is 
surrounded by dense fibrous stoma. 16 Genetic mutations accumulate in precursor 
lesions causing progressive dysplasia and eventually the development of carcinoma 
in situ. 17 Pancreatic intraepithelial neoplasia (PanIn) is the most common precursor 
for PDAC and is microscopic in origin. 18 Intraductal papillary mucinous neoplasms 
(IPMN) and mucinous cystic neoplasms (MCN) are macroscopic cystic pre-cursor  
lesions with varying grades of dysplasia that can develop into invasive pancreatic 
cancer, 19, 20 and therefore are eligible for imaging surveillance. 21, 22 While the genetic 
marker KRAS is present in an overwhelming majority of pancreatic cancers, 23-25 
and in the majority of low grade dysplastic pre-cursors, 26 high risk genetic muta-
tions associated with high grade dysplasia (HGD) and cancer development are het-
erogenous, including TP53, SMAD4 and CDKN2A at the highest frequency of 
~50%.23 Additionally, alterations in DNA-methylation have shown promise in dif-
ferentiating between pancreatic cancer and chronic pancreatitis. 27
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DIAGNOSTIC IMAGING

The optimal imaging modality in pancreatic cancer depends on the goal at hand. A 
dual-phase contrast enhanced computed tomography (CT) is most informative and 
available in the diagnostic phase, if there is a clinical suspicion of pancreatic carci-
noma. 28 The exception is when patients are enrolled in a surveillance program for 
high-risk individuals. For this cohort, magnetic resonance imaging (MRI) is prefer-
ential as sequential radiation exposure from CT is avoided, 29, 30 and it is better suited 
for the detection and characterization of small and/or isodense lesions, 31 which can 
be missed on CT. Some screening programs are endoscopic ultrasound (EUS) based. 

32 Once there is a suspicion of pancreatic cancer, patients will undergo an EUS as 
this allows for simultaneous tissue acquisition. 33 In surgical candidates, an MRI or 
positron emission tomography-CT (PET-CT) will be performed to rule out small 
liver metastases. 28, 34

EARLY DETECTION CHALLENGES

E�orts are underway to define high-risk (enriched) populations in which surveil-
lance would be a justified strategy for detecting early-stage cancer (Figure 2). 35 For 
populations at the highest risk, such as individuals with a CDKN2A p-16 mutation, 
survival benefits of surveillance have been demonstrated. 36 Prior to the expansion of 
screening/surveillance e�orts to include other at-risk populations with a lower life-
time risk, there is a need to improve the diagnostic modalities used to screen these 
populations. Early-stage cancers <2cm that are associated with greater survival are 
hard to detect on cross-sectional imaging, 37, 38 and there are currently no biomark-
ers other than CA19.9 that have found widespread clinical implementation. There 
are still instances of interval cancers in which inoperable cancers are found between 
screening moments, 39, 40 or late stage tumor detection with early nodal involvement 
despite frequent imaging. 41, 42 Furthermore, obtaining tissue samples by endoscopic 
ultrasound guided fine-needle-aspiration (EUS-FNA) of areas suspect for cancer can 
come at a risk of adverse events43, albeit lower than the risk associated with resolving 
malignant biliary obstruction by endoscopic retrograde cholangiopancreatography 
(ERCP), 44 as elaborated upon in the next section. 

General population 1% lifetime risk of PDAC

>5% lifetime risk of PDACEnriched population

High suspicion
of PDAC

Figure 2. Proposed sieve model for 
pancreatic cancer screening as adapted 
from Chari (2007).

define

find

confirm
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POST-ERCP PANCREATITIS
EPIDEMIOLOGY
The ERCP is an interventional endoscopic procedure for alleviating benign or 
malignant obstruction of the common bile or pancreatic ducts. The most common 
indication for an ERCP is choledocholithiasis: the presence of gallstones in the 
common bile duct. 45 ERCPs are not without risk, approximately 10% of the proce-
dures result in pancreatitis. 44 

PATHOPHYSIOLOGY
The pathophysiology of post-ERCP pancreatitis is multifactorial. 46 First, local 
trauma from extensive manipulation causes edema at the pancreatic duct orifice, 

47 leading to mechanical obstruction of pancreatic juice outflow and pre-emptive 
activation of pancreatic enzymes. Therefore, pancreatic duct (PD) stents have been 
the standard of reducing the risk of post-ERCP pancreatitis for over 20 years for 
high-risk patients (eg. after ampullectomy) and upon multiple inadvertent PD can-
nulation. 48, 49 Second, in animal models, regional hypoperfusion has been shown to 
lead to pancreatic necrosis and pancreatitis, 50 which led to the pilot study on intra-
venous hyperhydration with Lactated Ringer’s as a potential prophylaxis. 51 Finally, 
after various animal and in vitro studies on the contributory e�ect of inflammatory 
mediators, including prostaglandin synthesis and phospholipase-A2, 52, 53 the use of 
non-steroidal anti-inflammatory drugs (NSAIDs) was proposed and received wide-
spread implementation after the 2012 trial by Elmunzer et al. 54

STRATIFICATION & PREVENTION CHALLENGES
Various challenges in preventing post-ERCP pancreatitis still remain. Whilst cer-
tain attributes concerning the patient, the procedure or the endoscopist convey a 
higher risk, 49 consensus surrounding the exact definition of a high-risk patient is 
lacking. This complicates decision making in which patients a prolonged post-pro-
cedural observation for adverse events is warranted. Furthermore, despite the afore-
mentioned strong evidence on the benefit of various prophylactic measures, their use 
may vary amongst di�erent practices and practitioners. Finally, due to the improve-
ment of imaging modalities resolution in magnetic resonance cholangiopancrea-
tography (MRCP) and EUS and the inherent risks procedural risks, an ERCP has 
evolved from a diagnostic procedure to one that should be solely indicated for ther-
apeutic benefits. It is therefore essential to focus on how to eliminate ERCPs per-
formed without therapeutic necessity, such as in the suspicion of choledocholithiasis 
when there are no common bile duct stones present upon examination.
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THESIS OUTLINE AND AIMS
SECTION I: GENERAL INTRODUCTION

Section I contains the General introduction and thesis outline currently being read. 

SECTION II: IMAGING AND ARTIFICIAL INTELLIGENCE

In section II, the focus lies on the appearance of pancreatic cancer on cross-section-
al imaging in the (pre-)diagnostic stage, and potential innovations to improve the 
detection of early-stage cancer. In chapter 2, the aim is to characterize imaging 
findings of pancreatic cancer in a cohort of patients who underwent cross-sectional 
imaging prior to diagnosis, matched with age & gender matched controls. Retro-
spectively, two blinded radiologists assess whether abnormal imaging characteris-
tics, suggestive of pancreatic cancer, were present. Once unblinded, they will assess 
what the potential cause for such errors could be using the RADPEER score. 55 

The results of the this chapter form the rational for investigating whether artificial 
intelligence could potentially improve early-pancreatic cancer detection by acting 
as a second reader/red flag system, mitigating human errors. In chapter 3, an over-
view is given of current artificial intelligence (AI) applications within the field of 
gastroenterology. Essential for algorithm development is the accruement of large 
quantities of high-quality, annotated data, which is a time-costly venture requiring 
expert knowledge. In chapter 4, the aim is to lay a groundwork for e�cient data 
annotation necessary in the development of pancreatic cancer detection algorithms.  

SECTION III: BIOMARKERS

In section III, the focus lies on the validation of biomarkers for two pancreatic dis-
eases. As previously stated, the majority of pancreatic cancers are pancreatic ductal 
adenocarcinoma. Through its ductal origin, it is biologically plausible that genetic 
aberrations associated with PDAC can be found in pancreatic juice secreted from 
the ductal system. In chapter 5, the aim is to validate a panel of methylated DNA 
markers (MDM) for the detection of pancreatic cancer by combining a previously 
established 3-MDM panel with the clinically utilized  biomarker CA19.9 in a pro-
spective, multi-center cohort. 

In the subsequent chapter the topic pivots to the early diagnosis of post-ERCP pan-
creatitis. Currently, there is no consensus over what exactly classifies a ‘high-risk 
patient’, and who should be eligible for longer post-procedural observation with 
a one-night hospital stay. The European Society for Gastroeintestinal Endoscopy 
(ESGE) guidelines recommend invasive serum amylase or lipase measurement, and 
if non-elevated, patients can safely be discharged. 49 The measurement of trypsino-
gen-2, in a point-of-care urine test, has been proposed as a non-invasive alterna-
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tive.56 In chapter 6, it will be investigated whether a combination of this urine 
trypsinogen-2 (UT-2) test with a patient and procedural risk factor based discharge 
tool57 can predict safe same-day discharge in patients undergoing ERCP.

SECTION IV: RISK PREDICTION & PREVENTION

Section IV continues to focus on risk stratification within ERCP. In chapter 7, the 
aim was to assess the knowledge and preferences of Dutch endoscopists regarding 
prophylaxes and risk-factors for post-ERCP pancreatitis, and how this had changed 
over time after the publication of new recent guidelines. This will be assessed 
through two cross-sectional, nationwide surveys conducted with a seven-year 
interval.   

As previously stated, preventing post-ERCP adverse events can be achieved by 
avoiding poorly indicated ERCPs without therapeutic benefit. As choledocholithi-
asis is the indication for ERCP in the majority of procedures, reducing the number 
of patients who undergo an unnecessary ERCP for the suspicion of choledocholi-
thiasis could reduce the absolute number of post-ERCP adverse events. The ESGE 
guideline recommends the application of MRI or EUS in patients with an interme-
diate likelihood of choledocholithiasis. 58 In chapter 8, the clinical adherence to this 
guideline, in respect to whether additional imaging is performed, will be explored 
in a multi-center retrospective cohort. 

SECTION V

Section V contains chapters 9 and 10, which will provide a summary of the find-
ings in this thesis, discuss their place in the setting of the current body of literature, 
and elaborate on future directions. 
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